The production of the K99 antigen by enterotoxigenic Escherichia coli strains with various 0 antigens was investigated by means of slide agglutination tests, enzyme-linked immunosorbent assays, and hydrophobic interaction chromatography. The extent of K99 production appeared to be dependent on the nutrient medium, as well as on the incubation temperature. Minimal salt medium with glucose and semisynthetic Minca medium were the most suitable for K99 production. In complex media the production of K99 antigen was strongly reduced.
Optimal amounts of K99 antigen were produced at 370C. At 300C, weak production of K99 antigen was detected by hydrophobic interaction chromatography or enzyme-linked immunosorbent assay. Slide agglutination tests were negative with cultures grown below 320C. The production of K99 antigen appeared to be related to the 0 antigen carried by the host strain, but it seemed to be independent of the absence or the presence ofvarious K polysaccharide antigens. Under all conditions used, strains with antigen 0101 produced about 10 times more K99 antigen than did strains with antigen 08, 09, or 020. Transfer of the K99 plasmid from wildtype strains of different 0 antigens to E. coli K-12 C600 confirmed that phenotypic expression of the K99 antigen is most probably related to the cell wall composition of the host.
The majority of calf and lamb enterotoxigenic Escherichia coli strains produce a plasmid-determined proteinaceous surface antigen, designated K99, that promotes the colonization of the small intestine (6, 11, 15, 17) . In addition, the K99 antigen occurs also on some enterotoxigenic E. coli strains that cause diarrhea in neonatal pigs (8) . The K99 antigen has been characterized as a fimbria-like structure which is composed of protein subunits (4, 9) .
Serological studies on K99-positive strains have revealed that the antigen occurs exclusively in combination with antigen groups 08, 09, 020, and 0101 (12, 15) . Detection of the K99 antigen in these 0 groups was found to be difficult because of the presence of high-molecularweight capsular K antigens of the A variety on the bacterial cells (2) . These polysaccharide K antigens all belong to the same subgroup, which, like the K99 antigen, occurs exclusively in combination with antigens 08, 09, 020, and 0101 (2) . Recently, Guinde et al. (3) demonstrated that the K99 antigen could be detected readily on bacteria grown in a buffered semisynthetic medium at pH 7.5 (Minca medium).
The aim of this study was to investigate the production of K99 antigen by enterotoxigenic E. the estimation of K99 production by enzyme-linked immunosorbent assay (ELISA). Preparation of K99 serum. Antiserum against the K99 antigen was obtained from the National Institute for Public Health. The K99 antiserum was prepared by immunization of rabbits with purified K99 antigen, prepared by preparative electrophoresis of an ultrasonic extract of E. coli strain B41 (0101:K-) or strain H416 [0101:K(A)?] as described by Guinee et al. (2) . With both sera only one precipitation line was observed in double diffusion tests, using an ultrasonic extract of the autologous strain grown at 370C in Minca medium.
Determination of K99 antigen. The amount of K99 antigen in ultrasonicated cell suspensions was estimated by an ELISA. Immunoglobulin G-enriched K99 serum was prepared by treatment of antiserum with caprylic acid as described by Steinbuch and Audran (16) . The labeling of immunoglobulin G with horseradish peroxidase (Sigma, type VI) was carried out basically according to the method of Nakane and Kawaoi (10) . The experimental procedure for the estimation of the K99 antigen was as described by Mooi et al. (7) for the detection of the K88 antigen, using disposable polystyrene microtiter trays (Cooke). The trays were read by eye, and the highest dilution of K99 antigen which still showed coloring was taken as the titer.
Slide agglutination test. Agglutination tests were performed with liquid cultures of strains grown for 24 or 48 h, depending on the incubation temperature. One drop of culture was mixed with one drop of K99 antiserum on a slide. Normal rabbit antiserum was used as control for nonspecific agglutination. Suspensions that were agglutinated with K99 antiserum and not with normal rabbit antiserum were recorded as positive (3).
HIC. Hydrophobic interaction chromatography (HIC) was performed as described by Smyth et al. (14) , using Phenyl Sepharose CL-4B (Pharmacia AB) as the hydrophobic gel. The gel was washed with 1 M ammonium sulfate buffered with 10 mM sodium phosphate buffer (pH 6.8).
Conjugal transfer of the K99 plasmid. For conjugal transfer of the K99 plasmid, an E. coli K-12 C600 strain (S1605) was used as the recipient. This strain did not contain any plasmid deoxyribonucleic acid and possessed the following markers: thr, leu-6, thi-1, supE44, lacYl, tonA21, and Nalr. Nalidixic acid-sensitive wild-type strains were used as donors. Donor and recipient strains were grown overnight at 37°C in brain heart infusion. The K99 plasmid was transferred by mixing 1 ml of donor with 1 ml of recipient culture.
The mating mixture was filtered over a 0.2-fim Selectron filter (type BA83, Schleicher and Schiil), followed by incubation of the filter for 4 h on a brain heart infusion agar plate at 37°C. The filter was then submerged in 2 ml of brain heart infusion, and, after mixing, the mated mixture was plated out on MacConkey agar base containing 1% lactose and nalidixic acid (100 fig/ml). Colonies were picked up after overnight incubation of the plates and examined for the production of the K99 antigen by the ELISA.
Electron microscopy. For electron microscopy the cells were grown overnight in minimal medium at 37°C. Cells were fixed directly with 0.4% formaldehyde for 30 min at 37°C and layered on Fornvar-coated, 100-mesh grids. The grids were then shadowed with Pt-Pd at an angle of 100. The other complex media, such as brain heart infusion and Lab Lemco broth. The only exception to the production pattern presented in Table 2 was the K99 production by the established K99 reference strain B41 (11) . This strain, although classified as antigen group 0101, produced the K99 antigen as if the strain was of antigen group 08, 09, or 020. The results indicated that the extent of K99 production was dependent on the 0 antigen of the host strain. In contrast with this observation, the absence or the presence of different polysaccharide K antigens on these strains (Table 1) did not affect the level of K99 production.
Since the ELISA is not routinely used for the detection of K99-positive strains, cells grown in different media were also tested by the slide agglutination test. All strains grown in minimal or Minca medium at 370C were agglutinated in K99 antiserum, but all cultures grown in complex medium were not ( Table 3) .
Effect of temperature on K99 production as measured by ELISA. Just like other fimbria-like colonization factors (1, 5, 13) the K99 antigen is not produced at 180C (3, 11) . To investigate the correlation between incubation temperature and phenotypic expression of the K99 antigen, all K99-positive strains used were grown at 25, 30, 34, 37, and 400C, respectively, and the production of K99 antigen was determined by means of the ELISA (Fig. 1A) . Regardless of the incubation period, K99 production was found to be strongly dependent on the (Table 1) were grown overnight at 37°C, and K99 production was determined in sonicated cell suspensions, using the ELISA. The K99 titer was expressed as the highest dilution that still showed coloring.
bThe formulation of Minca medium was as described in the text. ' For anaerobic cultivation cells were grown in minimal and in Minca media at 370C. Although the ELISA appeared to be a very sensitive assay for the semiquantitative determination of the total K99 antigen production, this assay does not give a direct quantitation of the adhesive properties of the cells. Therefore, the production of K99 antigen was also estimated by HIC.
HIC of K99-positive strains grown at different temperatures. HIC was described to be a simple and useful method of discriminating between bacterial cells with respect to the presence of hydrophobic surface-associated antigens with adhesive properties (14) . To test for the phenotypic expression of K99 fimbriae at various temperatures, K99-positive strains were cultivated in minimal medium at 25, 30, 32, 34, 37, and 40°C, respectively, and subjected to HIC (Fig. 1B) . As a control for nonspecific adsorption, cultures of K99-negative strains of the same serotype were used. Regardless of the incubation period, all K99-positive strains showed a comparable temperature-dependent production of K99 fimbriae. In strains with antigen 0101 the level of production was significantly higher than in strains with antigen 08, 09, or 020. The 12 ,000 x g, and the cell pellets were resuspended in 1 M ammonium sulfate buffered with 10 mM sodium phosphate buffer (pH 6.8) to obtain a homogeneous suspension with about 3 x 10"' cells per ml; HIC was then performed with 100 lI of the bacterial suspensions, and the adsorption of the bacteria to the hydrophobic gels was expressed as percentage of applied bacteria. Variations in results obtained with different strains are indicated.
ently, the slide agglutination test is not as sensitive as the HIC for the detection of the K99 fimbriae. If HIC was applied to strains grown at 370C in Minca medium, the same results were obtained, but all strains grown at 370C in complex media did not show a significant binding to the hydrophobic gels.
The results of the experiments described in Fig. 1B showed that the extent of binding of K99-positive cultures to a hydrophobic gel is comparable to the total amount of K99 antigen produced in these cultures as determined by the ELISA, and imply that HIC can be used for a semiquantitative determination of fimbriated cells.
Conjugal transfer of the K99 plasmid from wild-type strains to E. coli K-12 C600. The difference in phenotypic expression of the K99 antigen in strains with antigen 08, 09, or 020, compared with strains with antigen 0101, indicated that the extent of K99 biogenesis was dependent on the host strain harboring the K99 plasmid. Additional evidence for such a phenomenon was obtained by transferring the K99 plasmid of wild-type E. coli strains with antigens 08 and 0101 to E. coli K-12 C600 by conjugation. This recipient strain has lipopolysaccharide lacking an 0-specific polysaccharide moiety and does not possess K antigens on its surface. The exconjugants of both crosses exhibited a mutually comparable K99 production under several conditions (Table 4) . Furthermore, it can be seen that K99 production in E. coli K-12 was rather low except for cells grown in Minca medium. The experiments confirmed that the extent of K99 production is host dependent. The presence of particular 0 antigens did not seem to be a prerequisite for K99 production.
The presence of K99 fimbriae on E. coli K-12 was confirmed by electron microscopy (Fig. 2) . The number of fimbriae on E. coli K-12 C600 was considerably less than that on the wild-type 
